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Investigators . 
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SECTION  1 


INTRODUCTION 


1.1  BACKGROUND 

The  U.  S.  Air  Force  recognizes  that  high  performance 
aircraft  transparencies  are  a  high  cost  item.  To  date,  it  has 
been  extremely  difficult  to  predict  the  durability  of  a  new 
transparency  design  when  subjected  to  the  operational 
environment.  Deficiencies  exist  in  the  present  state  of  the 
art  for  (a)  simulating  environmental  conditioning  with 
laboratory  test  methods,  and  (b)  translating  test  results 
into  accurate  durability  predictions. 

This  program,  as  part  of  the  USAF  continuing  effort  to 
improve  the  cost-of-ownership  of  aircraft  transparencies,  is 
directed  to  the  definition  of  a  realistic  and  cost-effective 
transparency  test  and  evaluation  criteria.  Preliminary  steps 
toward  achieving  this  goal  were  accomplished  during  1981  by 
AFWAL/FIER  as  documented  in  Reference  1  and  by  UDRI  as  documented 
in  Reference  2. 

1.2  PROGRAM  OBJECTIVE 


The  objective  of  this  effort  is  to  define  a  methodology  and 
criteria  for  testing  and  evaluating  the  durability  of  high 
performance  (Fighter)  aircraft  transparencies  through  the  use  of 
simulated  in-service  environments.  Specific  transparency 
material  configurations  under  study  are  monolithic  stretched 
acrylic,  coated  monolithic  polycarbonate,  and  acrylic  faced/ 
polycarbonate  laminates. 
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SHCTION  2 


INFORMATION  ANALYSIS 

2.1  AHA LYSIS/ CORRELATION  OF  EXPOSURE/TESTING  TECHNIOUES 

The  University  of  Dayton  Research  Institute,  under  contract 
with  the  U.  S.  Air  Force,  has  conducted  several  programs  to 
evaluate  the  effects  of  environmental  conditioning  on  the  optical 
and  structural  properties  of  various  monolithic  coated 
polycarbonate  and  laminated  acryl ic-polycarbonate  transparencies. 
The  following  discussion  correlates  the  data  resulting  from  these 
in-house,  Government,  and  industry  programs  anti  generates 
recommendations  and  conclusions  relating  to  the  various  exposure 
conditions  and  test  methods  as  input  for  formulating  future  test 
criteria.  Table  1  presents  the  number  of  test  samples  versus 
conditions  and  test  methods  which  have  been  utilized  at  UDRI.  A 
brief  description  of  the  exposure/test  and  a  comment  relating  to 
its  usefulness  as  supported  by  experimental  data  is  summarized 
b  el ow . 

2.1.1  Test  Methods 

(a)  MTS  Beam  Test  (Impact) 

The  MTS  beam  test  is  an  instrumented  flexure 
test  utilizing  three-point  simply-supported  loading  per  ASTM 
D790-71  Method  I.  The  MTS  test  machine  is  a  high  performance 
electrohydraul  ic ,  servo-actua  ted  closed  loop  general  purpose 
mechanical  loading  apparatus  with  high  level  control  and  data 
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DRI  GENERATED  TEST  DATA 


LAB  A C,F.  CONTROL 


gatherina  capabilities.  A  mounting  fixture  is  used  to  provide 
three-point,  simply-supported  loading  to  the  center  of  a 
specimen;  the  contact  radius  of  each  loading  support  being  3/8 
inch.  A  span-to-specimen  thickness  ratio  of  8:1  is  generally 
used.  Coated  monolithic  specimens  are  placed  in  the  fixture  so 
as  to  produce  tension  in  the  coated  or  exposed  test  surface  under 
investigation.  Laminated  specimens  are  impacted  so  as  to  produce 
tension  on  the  interior  surface.  The  displacement  rate  is 
controlled  at  2000  inches/minute  and  is  constant  during  the  test; 
maximum  displacement  being  set  at  2.50  inches.  The  calibrated 
output  signals  of  both  the  I.VPT  (Linear  Variable  Differential 
Transformer)  and  load  cell  are  captured  in  a  dual  channel  digital 
transient  waveform  recorder  and  later  played  back  on  an  x-y 
recorder  to  document  load  versus  displacement. 

The  (JDR I  has  performed  over  300  MTS  beam  tests 
on  monolithic  and  laminated  F-16  transparency  materials 
(Reference  3).  This  test  data  is  repeatable  and  quantitative, 
which  enables  a  breakdown  of  the  test  data  into  sections  of 
elastic  deformation  and  plastic  deformation  or  fracture 
propagation  and  a  determination  of  attendant  mechanical  property 
values.  The  relative  cost  of  the  apparatus  is  hiqh.  The  basic 
result  of  an  MTS  beam  test  is  a  force  versus  displacement  plot 
from  which  the  yield  strength  and  energy  to  failure  (for  a 
specific  beam  configuration)  can  be  determined.  The  energy  to 
failure  (area  under  the  force  versus  displacement  curve)  and  the 
shape  of  the  curve  can  be  compared  for  a  material  after  various 
exposure  conditions  to  determine  if  embrittlement  occurred. 

Figure  1  superimposes  the  load-displacement  curves  for  a  material 
in  the  baseline  condition  and  after  exposure;  notice  the  exposed 
EMMAQUA  specimens  fail  prior  to  the  baseline  unexposed  material, 
which  indicates  the  material  was  embrittled  by  the  exposure. 
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Typical  Load  vs.  Displacement  Plots;  MTS  Beam  (2000  in/min) . 


(b)  Pallinq  Weiqht  Impact  Test 

The  fallinq  weiqht  impact  tests,  conducted  in 
accordance  with  A STM  F736-81,  utilize  either  three-point, 
s inply- supported  flexural  beam  loadinq  or  a  ring  support,  clamped 
or  simply-supported,  for  flat  plate  loadinq  (Reference  4).  Impact 
velocities  of  approximately  25  to  34  ft/sec,  corresponding  to 
drop  heights  of  10  and  la  feet,  have  been  achieved.  The  tester, 
which  was  designed,  fabricated,  and  installed  at  the  University 
of  Dayton,  will  accommodate  simply-supported  or  clamped  plate 
specimens  of  various  span/thickness  ratios  as  well  as 
simply-supported  beams  of  varying  span/thickness  ratios.  A 
lifting  carrier  is  provided  to  raise  or  lower  the  impactor  to  a 
maximum  drop  height  of  20  feet,  adjustable  and  measurable  to  the 
nearest  half-inch.  Drop  weights  are  detachable,  interchangeable, 
and  variable  in  known  increments  from  one  pound  to  a  total  of  50 
pounds.  Hemispherical  impactors  from  one-quarter-,  one-half-, 
one-,  one  and  one-half-,  and  two-inch  diameter  geometry  are 
available  and  interchangeable  for  impact  testing  of  plates.  A 
2.25-inch-wide  impactor  loadinq  nose  and  adjustable  supports, 
corresponding  to  ASTM  D700-71  Method  I,  are  available  for 
three-point  impact  testing  of  simply-supported  beams.  A 
two-cable  system  guides  the  falling  weight  so  that  it  will 
repeatedly  strike  within  0.10-inch  of  center  of  the  specimen  at 
an  impact  velocity  approaching  free  fall.  Automatic  release  and 
rebound  catch  mechanisms  are  provided  along  wi  th  a  protective 
enclosure  used  to  contain  any  flying  particles  which  may  be 
generated  during  test.  A  miniature  accelerometer  can  be  mounted 
in  the  impactor  housing  to  obtain  a  load-time  history  when 
desired.  The  signal  from  the  accelerometer  is  triggered  two 
inches  before  impact  by  a  photocell,  and  received  throughout  the 
impact  event.  The  accelerometer  signal  is  integrated  twice  to 
obtain  velocity  and  displacement,  a  scaling  factor  being  used  to 
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obtain  force.  An  x-y  recorder  is  utilized  to  play  back,  at 
reduced  speed,  the  test  data  which  has  been  stored  in  the  menory 
of  a  transient  recorder.  The  goal  of  this  testing  is  to  produce 
threshold  of  failure  in  the  specimen;  threshold  of  failure  being 
defined  as  a  visible  open  crack.  The  mass  and  height  are 
iterated  during  testinq  to  determine  the  energy  level  required  to 
achieve  threshold  of  failure.  The  threshold  of  failure  energy 
for  a  material  is  calculated  from  the  height  and  mass  of  the 
falling  weiqht  impact  which  results  in  a  visible  open  crack. 

This  energy  level  can  be  compared  for  a  material  after  various 
exposure  conditioning  to  determine  if  embrittlement  has  occurred. 

The  falling  weight  test  is  a  useful  and 
economical  test  method  for  determining  embrittlement  or  soften¬ 
ing  of  a  material.  Table  2  shows  results  of  tests  conducted  on 
coated  monolithic  F-16  polycarbonate  which  had  been  environ¬ 
mentally  conditioned.  Note  that  the  conditioning  had  dramatic 
effects  on  the  failure  threshold  energy. 

(c)  Notched  izod  Impact 

The  standardized  notched  Izod  test  method  (ASTM 
D256-73,  Method  A)  yields  qualitative  results,  but  requires  a 
test  sample  with  a  critical  machining  operation  (notching). 
Attempts  have  been  made  to  quantify  this  test  method  but  as  yet 
an  instrumented  specimen  has  not  been  generated .  The  specimen  is 
clamped  in  a  vertical  position  in  a  bise  using  fixturing  to 
precisely  locate  the  notch  in  reference  to  the  test  frame.  The 
striking  nose  of  the  pendulum  then  strikes  the  sample  at  an 
initial  velocity  of  11.4  ft/sec  at  a  point  0.P66  inches  above  the 
notch.  The  side  of  the  specimen  with  the  notch  faces  the 
impactor.  One  result  of  notching  is  an  effective  increase  in  the 
strain  rate  in  the  material;  hence  the  geometry  of  the  notch  and 
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TABLE  2 

FALLING  WEIGHT  IMPACT  TEST  RESULTS 


Failure 

Specimen 

Exposure 

Energy , 

Number 

Condition 

f t-lbs . 

143 

Baseline 

150 

277 

175 

199 

150 

145 

175 

208 

175 

210 

175 

144 

175 

177 

UV-3  yr 

. 

200 

224 

225 

196 

225 

183 

250 

204 

250 

156 

250 

230 

1 

265 

147 

UV-10  yr. 

325 

146 

350 

221 

350 

120 

325 

141 

1 

350 

96 

EMMAQUA 

-2  yr. 

150 

8 

150 

27 

125 

82 

150 

107 

100 

46 

75 

78 

EMMAQUA 

.  -3  yr. 

175 

114 

150 

99 

150 

105 

125 

112 

125 

7 

75 

*  D  = 

Ductile 

F  = 

Failure 

P  = 

Penetration 
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Failure 

Type* 

D 

P 

D 

F 

F 

F 

F 

D 

D 

D 

F 

F 

F 

F 

D 

F 

F 

F 

F 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 


the  method  of  fabrication  must  be  carefully  controlled  to  insure 
the  validity  of  the  test.  The  energy  expended  in  deforming  or 
fracturing  the  specimen  is  calculated  by  deducting  the  values  for 
the  residual  energy  in  the  pendulum  and  losses  due  to  friction 
and  windage  in  the  apparatus  from  the  initial  energy  to  the 
pendulum.  In  the  case  of  sheet  material,  the  direction  of 
loading  is  in  the  plane  of  the  material  and  perpendicular  to  the 
direction  of  rolling  unless  the  direction  of  loading  is  a 
variable  in  the  test  matrix.  In  comparison  with  the  air  cannon 
and  falling  weight  methods,  the  size  of  the  specimen  for  the 
notched  Izod  method  is  much  smaller  and  the  cost  of  the  apparatus 
is  typically  less,  but  since  transparency  materials  are  notch 
sensitive,  use  of  this  test  technique  is  not  recommended 
( Reference  5 ) . 

(d)  Notched  Charpy  Impact 

The  notched  Charpy  test  method  (ASTM  D256-73 
Method  B)  is  very  similar  to  the  notched  Izod  method.  The  Charpy 
test  specimen  is  loaded  in  simply  supported  three-point  flexure 
as  opposed  to  the  fixed  cantilever  beam  loadinq  employed  in  the 
Izod  test  method.  Both  tests  use  the  same  test  machine, 
utilizing  different  supports  and  impactor  heads.  In  the  notched 
Charpy  test,  the  impactor  loading  nose  strikes  the  specimen 
directly  behind  the  notch,  and  the  support  span  is  3.75  inches. 

In  both  tests,  the  impactor  velocity  decays  as  the  specimen  is 
deformed  or  fractured,  the  amount  of  decay  being  dependent  upon 
the  energy  of  the  impactor  and  the  rate  of  enerqy  absorption  in 
the  specimen.  As  with  the  Izod  test,  its  application  to  notch 
sensitive  transparency  materials  is  not  recommended. 
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(e)  Air  Cannon  Tests 


Air  cannon  tests  are  used  to  evaluate  the  high 
strain  rate  characteristics  of  a  transparency  material.  Coupon 
size  plate  specimens  are  used  to  evaluate  material  impact 
resistance  and  are  usually  tested  with  either  a  one- inch-d iameter 
steel  sphere  or  a  one- inch-diameter ,  3-inch  long  hemispher ically 
ended  cylinder  shot  from  a  1-1/2-inch  bore,  six  foot  long  cannon. 
Full  scale  transparencies  are  also  tested  using  various  size 
artificial  birds  shot  from  air  cannons.  The  projectiles  are 
accelerated  with  compressed  air  or,  for  higher  velocities,  a 
powder  charge  that  can  be  used  to  attain  velocities  of  over  3000 
ft/sec.  Table  3  presents  the  results  of  air  cannon  tests 
conducted  on  coupon  size  specimens  of  F-16  coated  material;  this 
material  being  very  sensitive  to  coating  embrittlement.  The  air 
cannon  test  method  is  a  most  useful  test  method,  but  has  the 
highest  cost  per  test  especially  if  a  significant  amount  of 
instrumentation  is  used.  The  test  results  are  usually 
qualitative  in  nature  and  relatively  large  amounts  of  material 
are  required.  The  primary  advantage  is  the  high  impact  strain 
rates  which  are  attainable,  providing  realistic  bird  impact 
testing  of  a  subscale  and/or  full-scale  structure. 

(f)  Flatwise  Tension 

Flatwise  tension  tests  of  laminated  materials 
have  been  conducted  using  ASTM  Method  D952  as  a  guide.  The  test 
is  designed  to  determine  the  interlaminar  flatwise  tensile  stress 
required  to  delaminate  the  material.  Specimens  have  ranged  in 
size  from  one  to  two  inches  square,  and  have  been  successfully 
fabricated  from  flat  and  curved  transparency  material.  The 
specimens  are  bonded  to  aluminum  fixturing  blocks  and  tested  in 
an  electrohydraul ic  MTS  tension  machine.  Force  versus 
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TABLE  3 


AIR  CANNON  TEST  RESULTS 


Specimen 

Exposure 

Veloci ty 

Fai 1 ure 

Comment 

Number 

Condition 

Ft/Sec 

0) 

(2) 

346 

Basel ine 

555 

D 

GR212 

353 

622 

D 

GR212 

358 

655 

F 

GR212 

365 

623 

F 

GR212 

370 

602 

F 

GR212 

351 

195 

F 

354 

142 

D 

361 

175 

D 

367 

196 

F 

371 

188 

D 

UN-13 

917 

D 

Uncoated 

UN-14 

i 

1024 

F 

Uncoa  ced 

369 

EMMA- 

1  yr. 

146 

F 

373 

134 

0 

374 

140 

D 

375 

151 

D 

376 

172 

D 

377 

EMMAQUA-1  yr. 

172 

F 

378 

164 

D 

379 

182 

D 

380 

\ 

196 

D 

381 

229 

F 

348 

UV-1 

yr. 

188 

F 

352 

178 

F 

357 

164 

D 

364 

193 

D 

372 

i 

215 

D 

V  denotes  specimen  failure  exceeding  threshold 
D  denotes  ductile  deformation  below  failure  threshold 


2 


Coating  C- 


254-1 C  tested  opposite  impact  unless  otherwise  noted 
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displacement  data  is  recorded  and  plotted.  This  is  a  useful  test 
for  determining  the  interlaminar  flatwise  tensile  strength, 
stiffness,  and  toughness  of  a  laminated  material.  Figure  2  shows 
a  comparison  between  test  results  of  two  different  urethane 
interlayers  and  a  silicone  interlayer. 

(g)  Torsional  Shear 

Torsional  shear  tests  of  laminated  material  have 
been  conducted  on  both  flat  and  curved  material  using  ASTM  Method 
E229  as  a  guideline.  The  test  is  designed  to  determine  the 
interlaminar  shear  strength  and  shear  modulus  of  a  material 
without  inducing  bending,  peeling,  or  transverse  shear.  Torque 
is  applied  to  the  specimen  through  a  clamping  fixture  with  an 
electrohyd raul ic  MTS  tension- tors  ion  machine  to  produce  a 
peripherally  uniform  strain  distribution  through  the  test 
annulous.  The  nonlinear  ( non-Hookian)  interlayer  materials 
result  in  a  nonlinear  stress  distribution  which  may  result  in  the 
calculation  of  an  erroneous  shear  strength  as  described  in  Figure 
3.  Test  results  are  also  sensitive  to  shear  strain  rates  as 
shown  in  Figure  4.  Table  4  shows  the  results  of  tests  conducted 
on  the  same  laminated  transparency  material  using  specimens 
differing  only  in  geometry.  The  disk  specimens  demonstrated  a 
high  "apparent"  shear  strength,  approximately  50%  greater  than 
the  annular  specimen,  due  to  the  effects  of  geometry6'^. 

The  torsional  shear  test  is  considered  a  useful 
test  method  for  analyzing  the  interlaminar  shear  properties  by 
minimizing  the  possible  nonlinear  effects.  It  is  useful  to 
analyze  the  shear  strength  of  an  interlayer  since  the 
relationship  between  tensile  and  shear  properties  of  an 
interlayer  is  not  always  known.  Table  5  summarizes  the  results 
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Figure  2.  Typical  Load  vs.  Displacement  Plots;  Flatwise  Tension 


TABLE  4 


TORSIONAL  SHEAR  TEST  RESULTS 
FOR  F- 16  CANOPY  MATERIALS 


Test  Specimen  Size:  Annular  Type  r_  =  .375+. 002 

r  =  .250+. 002 

l  — 

Disk  Type  =  .375+. 002 

Test  Rate  =  500°/sec  (2.73  in/sec  Average  Linear  Rate) 


Specimen 

Conf ig- 

Fai lure 

Max  Torque  Angular  Disp 

Max  Shear 

Identi¬ 

uration 

Type 

(T  max) 

at  T  max 

Stress 

fication 

Type 

(in/lb) 

(Degrees) 

(PSI) 

c-i 

Annular 

A 

148 

17.8 

2226 

C-2 

Annular 

A 

134 

16.3 

2016 

C-3 

Annular 

A 

146 

16.0 

2196 

C-4 

Annular 

A 

136 

17.5 

2046 

C-5 

Annular 

A 

143 

17.5 

2151 

C-6 

Disk 

A 

238 

23.8 

3580 

C-7 

Disk 

A 

219 

20.5 

3295 

C-8 

Disk 

A 

244 

24.5 

3671 

C-9 

Disk 

A 

229 

23.3 

3445 

C-10 

Disk 

A 

233 

22.0 

3505 

Failure 

Type :  A  = 

Adhesion 

Off  Acrylic 

Max.  Shear  Stress 

Torque 

(Outside  Radius) 

Polar  Moment  or  inertia 
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TABLE  5 


FLATWISE  TENSION  TEST  RESULTS  (PSI) 


Specimen 

Exposure 

Condition 

EV 

Vendor 

Average  GV 

Average 

1 

Baseline 

2270 

A* ** 

2425 

p  ★  * 

2 

2370 

A 

2675 

P 

3 

2165 

A 

2297 

2725 

P 

2720 

4 

2395 

A 

2900 

A 

5 

2285 

A 

2875 

P 

TORSIONAL  SHEAR  TEST  RESULTS  (PSI) 


Specimen 

Exposure 

Condition 

EU 

Vendor 

Average  GU 

Average 

1 

Baseline 

1000 

A* 

2388 

A 

2 

1109 

A 

2388 

A 

3 

1064 

A 

994  2338 

A 

2339 

4 

983 

A 

2304 

A 

5 

815 

A 

2276 

A 

*  A  =  Adhesive  Failure  on  Acrylic  Surface 

**  P  =  Adhesive  Failure  on  Polycarbonate  Surface 


of  flatwise  tensile  tests  and  torsional  shear  tests  conducted  on 
two  different  urethane  interlayers.  The  flatwise  tensile 
Strengths  were  nearly  identical;  however,  the  shear  strength  of 
the  Vendor  G  material  is  over  100%  greater  than  the  shear 
strength  of  the  Vendor  B  naterial.  Note  that  the  failure 
location  of  the  Vendor  G  naterial  also  changed. 

(  h)  Bayer  Abrader  Test 

The  Bayer  abrader  test  has  been  used  to  evaluate 
the  ability  of  a  surface  to  resist  scratching  and  rubbing 
erosion.  Test  specimens  (4x4  inches  square)  are  positioned  in 
a  4  x  4-inch  cavity  of  the  test  bed  so  that  the  specimen  surface 
is  flush  with  the  bottom  of  the  test  bed.  One  kilogram  of  6/14 
quartz  silica  sand  is  placed  over  the  specimen.  A  mechanical 
linkage  to  an  electric  motor  moves  the  test  bed  in  a  back  and 
forth  notion  and  4-inch  stroke  length  at  a  frequency  of  150 
cycles  per  minute  (300  strokes  per  minute).  This  action  causes 
the  silica  sand  to  remain  virtually  at  rest,  inducing  a  rubbing 
type  abrasion  on  the  specimen.  Haze  measurements  are  taken 
initially  (unabraded)  and  after  50,  100,  150,  and  300  strokes 
using  a  standard  sphere  Hunter  Hazemeter  and  Gardner  Photometric 
Unit  manufactured  by  Gardner  Laboratory,  Inc.,  Bethesda, 

Maryland.  The  construction  of  the  hazemeter  used  is  described  in 
ASTM  Test  Method  D1003. 

The  Bayer  abrader  test  is  considered  useful  for 
determining  the  ability  of  a  transparency  material  to  resist 
surface  scratching  and  can  discern  differences  in  abrasion 
resistance  as  a  result  of  environmental  conditioning.  Table  6 
presents  a  sampling  of  results  of  tests  conducted  by  UDRI  on 
candidate  coated  F-16  canopy  material.  To  date,  no  correlation 
has  been  made  with  in-service  data.  However,  the  data  in  Table  6 
indicate  that  the  number  of  strokes  will  have  to  be  greatly  reduced 
to  obtain  haze  values  in  the  range  of  interest. 


18 


TABLE  6 

ABRASION  TEST  RESULTS 


Percent  Haze 


Strokes 

Vendor  A 

Vendor  B 

Vendor  : 

Baseline 

0 

2.74 

1.56 

2.17 

50 

8.20 

25.23 

10.62 

100 

16. 76 

31.83 

17.51 

150 

19.82 

36.23 

16.94 

300 

29.03 

50.19 

22.26 

2  Yr. 

0 

3.69 

3.72 

2.70 

Temp/Hum. 

50 

20.67 

30.33 

19.81 

100 

24.  77 

42.11 

19.03 

150 

28.49 

48.88 

20.88 

300 

38.34 

63.27 

30.46 

NOTES:  All 

data  above  is 

the  average  of 

the  five 

samples  per 

set. 

All  samples  were  abraded  a  total  of  150  cycles 
(300  strokes)  per  minute,  using  a  four-inch  stroke. 
One  kilogram  of  6/14  quartz  silica  sand  was 
discarded  after  each  specimen  test. 
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(i)  Salt  Abrader 

The  salt  abrader  test  is  designed  to  evaluate 
the  abrasion  resistance  of  the  surface  of  a  material  by  blasting 
the  surface  with  small  qrains  of  salt.  Salt  is  used  because  it 
has  approximately  the  same  molar  hardness  as  ice  crystals.  The 
amount  of  abrasion  is  measured  in  terms  of  haze  and  trans¬ 
mittance.  UDRI  has  conducted  a  limited  number  of  these  tests 
which  appear  to  be  useful  in  evaluating  resistance  to  inflight 
surface  abrasion. 

(j)  Rain  Erosion  Test 

To  date,  rain  erosion  tests  offer  one  of  the 
most  realistic  methods  of  evaluating  coating  adhesion.  Tests 
have  been  conducted  on  coated  polycarbonate  using  the  AFWAL 
Material  Laboratory's  rotating  arm  apparatus  (Reference  8). 
Specimens  are  mounted  on  a  rotating  arm  which  travels  through 
simulated  rain  at  speeds  of  500  mph  or  less,  inclined  at  30  to 
the  direction  of  motion.  The  water  droplets  are  controlled  to  a 
2.0mm  diameter  and  the  amount  of  "rainfall"  is  also  controlled. 

This  test  is  useful  in  determining  the  inflight 
abrasion  properties  of  a  coatinq.  As  the  test  data  presented  in 
Fiqure  5  shows,  differences  in  coatinq  adhesion  is  readily 
apparent;  however,  there  has  been  no  correlation  between  the 

g 

results  of  this  test  and  in-service  data. 

(k)  Chemical  Craze  Test 

Chemical  craze  tests,  based  on  MIL-P- 
83310(USAF),  Paraqraph  4. 5. 5.2  of  Section  4,  and  FTM  406,  Method 
6053,  are  conducted  to  determine  the  resistance  of  a  transparency 
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material's  surface  to  chemical  crazing.  Crazing  is  defined  as 
microcrack inq  of  the  surface  of  a  material,  and  results  in  an 
increase  in  percent  haze.  The  test  involves  visually  determining 
if  crazinq  occurs  in  a  s^xicimen  at  a  qiven  time  (30  minutes)  and 
surface  stress  (2000  psi)  for  a  given  solvent  (isopropyl  alcohol, 
ethylene  gylcol,  and  MCK  have  been  used  by  UDRI).  The  surface 
stress  is  generated  by  applyinq  a  known  load  to  the  end  of  a 
cantilevered  beam  test  specimen.  The  solvent  is  applied  to  a 
filter  paper  which  is  placed  directly  on  the  specimen  over  the 
fulcrum.  The  patch  is  removed  after  30  minutes  and  the  surface 
visually  examined.  Table  7  presents  typical  data  from  tests 
conducted  on  coated  monolithic  polycarbonate  material. 

Currently  a  craze  specimen  is  under  development 
where  the  solvent  is  applied  along  the  length  of  the  beam  and 
each  specimen  generates  a  stress  versus  time  to  craze  plot.  The 
chemical  craze  test  is  a  useful  test  to  perform  on  coated 
monolithic  material.  On  laminated  acrylic  polycarbonate 
transparencies,  the  craze  resistance  of  the  outer  acrylic  ply  is 
generally  a  function  of  transparency  geometry,  ply  configuration, 
and  flight  profiles  which  determine  the  surface  stress  and 
therefore  the  service  life  in  terms  of  crazing. 

(1)  Wedge  Peel  Test 

Wedge  peel  tests  are  used  to  qualitatively 
determine  the  interlaminar  peel  strength  of  a  laminated  material. 
The  primary  advantages  of  this  test  are  that  specimens  can  be 
exposed  to  env ironmental  conditioning  in  the  stressed  state  and 
the  cost  of  the  test  is  low.  The  test  consists  of  inserting  a 
wedge  into  a  slot  machined  into  the  edge  at  the  end  of  a  beam 
type  specimen.  This  results  in  delamination  of  the  material  and 
the  length  of  delamination  is  measured  as  a  function  of  time. 
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TABLE  7 

CHEMICAL  CRAZE  TEST  RESULTS 


Specimen 

Number  Failure/ 


Vendor 

Conditions 

Solvent 

Total  Time 

AY- 5 

AY- 6 

Baseline 

MEK 

30  minutes 
30  minutes 

BY- 5 

Baseline 

MEK 

48  seconds 

BY- 6 

Baseline 

MEK 

30  minutes 

PY-5 

PY-6 

Baseline 

MEK 

30  minutes 
30  minutes 

AY- 17 

2  Yr.  Temp/ 
Hum. (120°F) 

MEK 

9'  :  30 " 

AY- 18 

MEK 

30  minutes 

BY- 17 

2  Yr.  Temp/ 
Hum.  (12C  °F) 

MEK 

30  minutes 

BY- 18 

17’ : 30" 

PY-17 

2  Yr.  Temp/ 

MEK 

30  minutes 

Hum. (120  °F) 

PY-18  30  minutes 


Observations 

Coating  is  deformed  and 
slightly  discolored;  small 
crazes  (1/32")  under  patch 
area 

Complete  failure. 

Coating  is  discolored; 
peeled  and  cracked. 

No  discoloring  or  deforma¬ 
tion  of  coating;  very 
slight  crazing 


Large  craze  appeared 
at  1' : 40 " 

Numerous  small  crazings 
into  polycarbonate;  slight 
discoloration  of  coating 

6 ' : 4 5 "  crazing  appeared; 
large  3/8"  deep  crazes 
formed 

9  min.  crazes  formed; 
complete  failure 

Dissolving  &  slight 
discoloring  on  surface; 

20  min.  small  crazing 
appeared;  numerous 
small  crazes,  both 
specimens 
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Generally,  the  results  of  this  test  ( delamination  lenqth)  are 
compared  qualitatively  with  materials  of  similar  ply 
configuration.  Quantitative  results  are  not  easily  obtained 
because  of  the  difficulty  in  accurately  calculating  the  stress  at 
the  point  of  delamination.  To  date,  UDRI  has  limited  this  test 
method  to  testing  interlayers  that  are  not  faced  with  a  thin 
surface  ply.  Figure  6  shows  the  results  of  tests  conducted  on 
two  F-lll  ADBIRT  transparency  specimens;  the  decrease  in  the 
interlayer  adhesive  strength  as  a  result  of  moisture  being 
readily  apparent. 

(m)  Zero  Tensile  Strength  Temperature  Test 

The  zero  tensile  strength  temperature  test  may 

be  utilized  as  a  fast  screening  or  evaluation  test  for  candidate 

interlayer  materials.  A  sample  is  lightly  loaded  and  exposed  to 

increasing  temperature  at  a  programmed  rate.  The  temperature  at 

which  the  sample,  after  elongation,  breaks  is  the  zero  tensile 

9 

strength  temperature  . 

2.1.2  Environmental  Conditions 

(  a)  Sunl  ight 

The  Sunlighter  IV  accelerated  sunlight  tester, 
manufactured  by  the  Test- Lab  Apparatus  Company,  Amherst,  New 
Hampshire,  consists  of  four  GE  RS-4  sunlamp  bulbs  mounted  over  a 
rotating  turntable.  The  tester  components,  associated  power,  and 
control  electronics  are  mounted  in  a  box  enclosure  with  a  tinted 
plexiglas  viewing  door.  One  sunlamp  bulb  is  mounted  directly 
over  the  center  [xartion  of  the  turntable  and  three  additional 
bulbs  arc  noun  ted  over  the  outboard  portion  of  the  turntable. 
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Summary  of  Wedge  Peel 


Consequently,  two  areas  with  different  exposure  accel erat i ons  are 
produced  on  the  turntable,  an  inner  circle  of  approximately  six 
inch  diameter,  and  the  remaining  outer  ring  to  17.5  inch 
diameter.  For  the  inner  circle,  the  acceleration  ratio  is 
approximately  eight  hours  exposure:  one  year  natural  sunlight. 

For  the  outer  ring,  the  acceleration  ratio  is  56  hours  exposure: 
one  year  natural  sunlight,  according  to  the  manufacturer.  The 
test  evaluates  the  ability  of  a  material  to  resist  degradation 
due  to  FV  light.  There  has  been  no  correlation  between  this 
exposure  condition  and  in-service  data  because  natural  weathering 
involves  many  more  combined  effects  than  isolated  UV.  Therefore, 
this  conditioning  is  not  recommended  for  accelerated  weathering 
type  exposure  of  transparencies. 

(b)  Temperature  and  Humidity 

Temperature  and  humidity  conditioning  has  been 
performed  in  an  environmental  conditioning  chamber  controlled  to 
a  temperature  of  120  F  with  simultaneous  95  percent  +  5  percent 
relative  humidity.  The  test  is  useful  for  evaluating  the 
moisture  resistance  of  both  laminated  and  coated  materials; 
however,  this  should  not  be  considered  a  test  of  weatherabil ity . 
To  date,  there  has  been  no  correlation  between  these  tests  and 
actual  in-service  life.  Table  6,  which  presents  the  results  of 
the  Bayer  abrasion  tests,  shows  a  reduction  in  the  abrasion 
resistance  of  the  coatings  due  to  the  temperature/humid ity  cycle. 
Placing  specimens  in  a  partial  vacuum  after  exposure  may  be  a 
useful  technique  for  simulating  the  rapid  drying  experienced 
during  an  aircraft  takeoff  and  acceleration  to  flight  speed. 


Combined  Conditioning 


(c ) 


The  F-16  combined  conditioning  used  at  PORI 
consists  of  periods  of  UV  exposure  alternating  with  periods  of 
room  temperature/high  humidity  exposure.  The  procedure  is 
identical  to  that  used  for  individual  exposure  conditions.  The 
following  sequence  has  been  used  to  obtain  a  simulated  year  of 
exposure:  a  period  of  eight  hours  in  the  inner  circle  of  the 
Sunlighter  IV,  followed  by  a  period  of  4R  hours  in  the  room 
temperature/95  percent  relative  humidity  chamber.  Again,  this  is 
not  considered  equivalent  to  a  natural  weatherabil ity  test. 
Simultaneous  exposures  have  proved  to  be  more  realistic  than 
alternate  cycles  of  individual  (isolated)  exposure  conditions. 

(d)  Thermal  Exposure 

Thermal  exposures 
steady-state  temperatures  of  120  “F, 
in  an  air-circul at ing  oven  having  a 
3-5 ° F/minute .  This  is  a  valid  test 
elevated  temperatures  on  a  monolith 
material . 

The  intermittent  exposure  of  polycarbonate 
aircraft  windshields  to  temperatures  between  176°F  and  266°F 
could  cause  a  cumulative  loss  in  impact  properties  and  the 
development  of  stresses  from  relaxation  of  any  cold-drawn 
material  formed  during  fabrication.  These  phenomena  will  depend 
on  fabrication  procedures  and  the  thermal  history  utilized  by  the 
manufacturer  (Reference  10). 


have  been  conducted  at 
200°F,  or  250°F  as  desired, 
heating  and  cooling  rate  of 
for  evaluating  the  effects  of 
ic  or  laminated  transparency 
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‘Natural  Weathering 


(  e  ) 


Natural  weathennn  is  the  nost  realistic 
of  all  exposure  techniques;  however,  the  duration  of  the  exposure 
is  prohibitively  lonq  .  Natural  aging  of  coupon  or  subscale 
specimens  lack  the  stresses  which  would  exist  in  and  are  imposed 
on  an  actual  installed  full-scale  formed  transparency  during  an 
in-service  life  cycle  spectrum.  Since  regional  weather  varies 
and  weather  never  duplicates  itself,  it  is  said  that  "every 
outdoor  exposure  is  an  artificial  weathering  test."  The  mounting 
of  test  samples,  angle  of  exposure,  and  direction  of  exposure 
(such  as  45°  South) ,  along  with  the  general  procedure  to  be 
followed  for  the  exposure  of  plastics  to  outdoor  weather,  is 
recommended  per  ANSI/ASTM  D1435-75  standard. 

(f)  Accelerated  Outdoor  Weathering 

Accelerated  outdoor  weathering  of 
simulated  one,  two,  three,  and  five  year  exposure  has  been 
accomplished  by  utilizing  the  Equatorial  Mount  wj.th  Mirrors  for 
Acceleration  (EMMA)  and  the  EMMAQUA  machine  (EMMA  plus  water: 
eight  minutes  per  hour  spray  cycle)  at  the  Desert  Sunshine 
Exposure  Test  ( DSET)  Laboratory  located  25  miles  north  of 
Phoenix,  Arizona.  It  is  estimated  that  40  days  of  exposure  on 
the  EMMA  and/or  EMMAQUA  machine  is  approximately  equivalent  to 
one  year  of  45-degree  south  natural  weathering.  The  specimens 
receive  about  eight  times  as  much  radiation  as  those  exposed  on  a 
follow- the- sun  rack  during  equal  periods  of  time.  Each  simulated 
year  was  based  on  an  exposure  rate  of  164,250  langleys.  An 
evaluation  of  optical,  physical,  and/or  mechanical  properties  can 
be  conducted  after  exposure.  Both  EMMA  and  EMMAQUA  appear  to  be 
among  the  best  accelerated  weathering  techniques  currently 
available,  but  correlation  with  in-service  experience  is  still 
lacking  . 
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An  essential  requirement  of  accelerated 
exposure  is  that  it  depend  only  on  the  total  dose  (number  of 
lane  leys)  and  not  the  rate.  Materials  tested  to  date  on 
EMMA(QUA)  experience  an  apparent  accelerated  rate  of  degradation 
of  from  R  to  12  times  when  compared  with  identical  specimens 
tested  by  conventional  outdoor  methods.  The  rate  of  acceleration 
depends  on  the  type  of  material  heinq  tested  and  the  season 
during  which  the  exposure  is  conducted.  Gloss-retention  and 
color-difference  of  enamels  have  correlated  well.  Such 
correlation  factors  remain  to  be  determined  for  transparency 
material  control  specimens  exposed  using  EMMA(QUA)  and  real-time 
natural  weathering. 

(g)  Q-U-V 

The  Q-U-V  Accelerated  Weatherinq  Tester, 
manufactured  by  the  Q-Panel  Company  of  Cleveland,  Ohio,  consists 
of  eight  40-watt  UV-B  fluorescent  lamps  which  operate  in  a 
cabinet  designed  to  produce  condensation  (dew)  on  the  surface  of 
the  tested  specimen.  Exposure  temperature  is  automatically 
controlled,  as  is  the  daily  sequence  of  UV  periods  and 
condensation  periods.  The  Q-U-V  is  one  of  the  better  laboratory 
accelerated  exposure  systems;  simulating  sunny  days  and  hot/'wet 
nights.  UDRI  has  tested  a  limited  number  of  Q-U-V  conditioned 
samples  which  indicate  that  this  is  a  useful  device  for 
simulating  weathering  exposure. 

Texstar  Elastics  utilizes  a  Q-U-V  tester  to 
condition  specimens  to  generate  coating  adhesion  data  (tape  peel 
test)  and  evaluate  the  capability  of  coated  transparency 
materials  to  withstand  sunlight  exposure  (haze/transmittance). 
Extensive  testing  has  been  accomplished  on  GR-212  and  C-294 
coated  polycarbonate  samples  using  16  hour  UV./R  hour  high 
condensation  cycles  with  a  constant  120 0F  heat  application. 
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WPAi’B  Rldn.  63  Fliahtline  i;nv  i  mnn.ental 
Exposure  Fixture  and  i’opvect  ive  Heating/ 
Coo  L  i  nq  Fa  oil  i  t  y 


FORI  has  designed  and.  fabricated,  an  accelerated 
fliahtline  env  i  ronnen  t  a  1  exposure  faril  i  ty  which  Eras  been 
incorporated  into  the  full  scale  l-'-l  6  canopy  pressure/terr.peratur  e 
flinh.t.  cycle  test  facility  at  WPAFB.  The  fliahtline  environment 
will  be  simulated  up  i  no  a  specially  constructed,  movable  exposure 
fixture.  The  effects  of  ry  radiation,  solar  heat,  inc  ,  moisture, 
and  cleaning  will  be  represented. 


■"ho  convert  i  ve  heat  i  nn  /> -oo  1  i  no  o<iwi  omen*  uses 
low  velocity  hot  and  cold  air  to  duplicate  the  exterior  canopy 
surface  temperatures  and  chance  rates  that  would  bo  experienced 
during  actual  fliqhts.  The  interior  canopy  air  temperature  is 
maintained  at  70  ®F  and  the  pressure  differential  between  the 
interior  and  exterior  (ambient)  also  matches  the  cockpit  pressure 
differential  experienced  in  flight..  The  system  utilizes  liquid 
nitronen  for  the  cold  air  source,  a  l a rue  heat  inn  system  for  the 
hot  air  source,  a  network  of  large  diameter  pipes  for 
transporting  the  air,  and  various  blowers  and  valves  to  control 
the  velocity  and  temperature  of  the  air.  Pry  air  is  used  in  the 
system,  a  necessity  considering  the  problems  that  would  result 
from,  ice  formation  ir.  Id  port  ions  of  the  system.  There  are 
numerous  sensors  that  i n 1 i cate  temperatures  and  pressures  on  and 
inside  the  test  specimen,  plus  indicators  of  system  performance. 
Computer  and  recording  systems  can  “fly1'  the  programmed  missions 
and  record  the  data.  Transparencies  can  be  subjected  to 
temperature/pressure  profiles  corresponding  to  virtually  any 
aircraft  mission,  including  hypothetical  high  performance 
aircraft . 


The  laminated  test  canopy  will  receive  a 
combination  of  fl ioht  ( 2000  simulated  fl iqht  hours  exposure)  and 
104  cycles  of  fl iahtl ine  environment  which  wi 1 1  simulate  3  years 


of  worst  case  FV  radiation  in  a  hot  and  humid  environment,  plus 
cleaning.  The  test  canopy  will  be  cleaned  usinq  the  cleaninq 
solutions  and  materials  authorized  for  use  on  installed,  canopies. 
The  canopy  will  be  subdivided  into  sections,  each  section  being 
cleaned  with  different  cleaninq  solutions  or  combinations 
thereof;  the  cleaning  beinq  performed  during  each  changeover  from 
flightline  to  flight  testing. 

The  test/exposure  technique  addresses  the 
specific  F-16  mission  requirement.  Full-scale  and  associate.  F- 
16  f 1  ight/ f 1  ightl ine  test  data  is  currently  beino  generated  at 
this  facility  which  will  continue  to  be  monitored  and  correlated 
with  other  associated  test  results. 

(i)  WPAFB  Duildinq  65  Radiant  Heating  Fixture 

Testing  has  also  been  conducted  on  F-lll 
transparencies  (APFSTRT)  to  reproduce  visible  structural 
deterioration  ( de 1  am i nat ion )  by  simulating  the  fl ightl ine 
temperature  encountered  during  the  summer  months  at  Cannon  AFP.. 
The  test  fixture  consisted  of  an  F-111A  crew  module  and  a  shroud 
which  contained  quartz  infra-red  heating  lamps  to  control  the 
exterior  temperatur e  of  the  transparencies.  An  interior  cabin 
heater  and  blower  were  added  to  the  module  to  produce  the  desired 
200°F  interior  cabin  temperature.  The  heater  consisted  of 
twenty,  150-Watt  calrod  heaters  and  the  blower  had  a  150  cubic 
foot  per  minute  capacity  at  full  power.  Control  of  the  heater 
and  blower  held  the  interior  cabin  temperature  to  within  +1 0 °F  of 
the  transparencies  outer  surface  temperature.  The  flightline 
environmental  test  series  consisted  of  subject ing  the 
transparencies  to  360  thermal  cycles,  with  each  cycle  consisting 
of  heating  the  exterior  surface  of  the  transparencies  from 
ambient  temperature  through  160°,  1R0°,  and  200  °F  plateaus  over 

an  eight-hour  period  at  atmospheric  pressure.  A  proof  of  load 
pressure  test  was  added  at  the  conclusion  of  the  360  thermal 
cycles.  Resulting  de 1  ami nat ion ,  prior  to  design  modification 
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(I'l’.shiiv:  :  n '  ,  v,m  ;  •  yt-i  »•*.«!  of  that  cceurriri':  in  thin 

ope  rat  ioru*  I  1  i  r.i  ♦  r.  at  Camion  AFP. .  however,  sor-e  t  os »  result 
uncertaint  i  es  were  also  experienced  which  ray  have  peer.  due  to 
absorption  of  radiant  enemy  by  .an  inner  r  1  y  o  r  interlayer, 
thereby  cr  eat  inn  a  temperature  gradient  thronnh.  the  transparency 
thickness  which,  would  not  occur  on  <-ho  production  aircraft. 

(  i )  Sierra '-it.  l-.’i  r.  i  s=h  i  e  l  l  hi  ioht  hnvi  ronment 

Sir.ul  at  r  1  1 

Trad  i  t  j  ■  d  1  y ,  •  real  wo  rid  of  actual  service 
has  been  the  tost  bed  a;  vd  i  w:  ti.is;:  i  o  1  Is  have  '/  oen  developed 
and  refined.  As  winbsh  i  <■>’.  -s  -re  i  n.oroa  s  inn  1  y  sophisticated  , 

the  become  both  more  exr«*ns :  ’-v  «nd  more  r  a  i  lure  prone,  and  the 
economics  or'  service  1  i  fo  become  more  and  more  significant.  The 
service  and  laborator  '  experience  :a  i  r.o>:  on  tne  .47  windshield, 
and  its  subsequent  counterpart,  t  ho  i.ookhoed  L-1011  windshield, 
s’ ingested  that  two  of  the  throe  aspects  nr  the  actual  service 
}  .  onvi  ronnent  which  n  1 T-’  a  c  "  roles  in  determining  the  service 
life  of  a  v;  i  ndsh  in  1  d  a  ro ,  ;  n  fact,  almost  always  missing  in  con¬ 

ventional  acceler  ited  1  :  *  o  testin':  .  Tne  re  essential  conditions 
are  (11  weather  i  r.a ,  and  >'2)  represent  at  i  ve  temperatures  and  tem¬ 
pera  ture  cj rad  i e p. t  s  v.  i  p.  c.  an i a  ce  n  t  to  t  h e  heated  area.  The 

third  important  factor .  'mos.airi  sat  ion  deflection,  is  usually 
present  in  convent  i  on  ’  i  tost  ing. 

•..•mu!  v  . ■  from  actual  service  exposure,  confirmed 
bv  wca  the  remoter  test,  i  no  n  the  laboratory,  showed  that  moisture 
i  n  crc.n.s  into  the  inter!  -v*r  onus' led  with  ultraviolet  (VV)  radiation, 
has  a  si  uni  Meant,  effect  in  reducing  the  laminate  integrity. 
Conventional  qualification  testing  rarelv ,  if  ever,  acknowledges 
and  imposes  these  conditions. 

Conventional  accelerated  life  testina  on  wind¬ 
shields  usually  employs  a  representative  outside  air  temperature 
(OAT)  but  does  not  duplicate  the  convective  heat  loss  or 
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"cooling  rate,"  0  ,  of  high  speed  flight  in  dry  air.  This 
convective  heat  loss,  Q  ,  equals  the  product  of  the  convective 
film  coefficient,  h  ,  and  the  temperature  differential  between 
the  windshield's  outer  surface  and  the  adjacent  boundary  laver. 

The  worst-case  flight  simulation  condition  is 
the  one  in  which  high  hc  and  low  boundary  layer  temperature 
combine  to  create  the  highest  Q  ,  hence  the  coldest  windshield 
surface  temperature. 

Based  on  this  knowledge,  a  commitment  to 
produce  a  specialized  test  facility  for  accelerated  windshield 
life  testing  was  made  by  Sierracin.  The  design  recuireraents  for 
this  facility  were  as  follows: 

1.  Ability  to  reproduce  the  convective  film 
coefficient,  hc ,  of  all  flight  conditions. 

2.  Duplication  of  the  boundary  laver  tempera¬ 
ture  of  all  flight  conditions. 

3.  Reproduction  of  the  pressurization  deflec¬ 
tion  and  resultant  stressing  of  the 
windshield . 

4.  Maintenance  of  cabin-side  temperature. 

5.  Realistic  application  of  windshield  power. 

6.  Duplication  of  air  flow  pattern  on 
windshield  surface. 

7.  To  the  extent  possible,  reproduction  of 
the  fuselage  deflections  at  the  windshield 
interface . 

8.  Realistic  sequencing  of  all  of  these 
conditions  into  a  representative  flight 
profile  on  a  compressed  time  scale. 

9.  Inclusion  of  the  effects  of  moisture, 
ultraviolet  exposure,  and  rain. 
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10.  Visual  and  photographic  observability  of 
windshields  under  test. 


These  conditions  were  met  with  a  facility  called  the 
Sierracin  Windshield  Flight  Environment  Simulator  (VJFES)  which 
has  proven  the  importance  of  full  simulation  of  the  service  and 
flight  environment  in  life  testing  aircraft  windshields .  It  has 
been  used  successfully  on  an  existing  design  (the  747)  to 
accurately  reproduce  known  service  def  ic  iencies ,  and  has  provided 
the  means  for  developing  and  verifying  fixes. 

2.1.3  Behavior  of  Polycarbonate  Subjected  to 

1 2 

Exposur e/Testing  Techniques 

Tensile  creep  test  data  at  room  temperature 
for  polycarbonate  is  similar  to  that  for  stretched  acrylic. 
However,  at  elevated  temperatures  polycarbonate  offers  consider¬ 
ably  more  resistance  to  tensile  creeD. 

Pen rau at ion  ot  polycarbonate  impact  strengtn 
indicated  by  Jzod  test  data  do  not  correlate  well  with  resul ts 
from  other  tests  and  might  be  peculiar  to  the  Izod  test.  For 
example,  other  test  methods  such  as  the  falling  ball,  or  "dart" 
impactor,  show  no  such  effects.  Typical  values  obtained  from 
this  Latter  method  exceed  00  ft-lbs  at  room  temper  ire  and  are 
not  affected  by  temperatures  as  low  as  -100°F,  nor  do  thicker 
samples  exhibit  brittle  fracture  as  they  do  in  the  Izod  test. 
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Like  stretched  acrylic,  polycarbonate  has 
some  peculiar  temperature- rel  ated  constraints  placed  upon  it  by 
its  basic  structure.  Polycarbonate's  general  susceptibility  to 
solvent  attack  is  more  pronounced  at  elevated  temperatures  and/or 
when  the  material  is  stressed.  Use  of  a  protective  hardcoat  will 
reduce  but  may  not  eliminate  this  hazard. 

Weathering  resistance  of  polycarbonate  has 
not  been  thoroughly  evaluated  since  it  is  not  possible  to 
duplicate  the  effects  of  actual  service  on  an  accelerated  basis 
in  the  laboratory.  additionally,  most  of  the  various 
polycarbonate  configurations  are  so  new  that  not  much  natural 
weathering  or  field  service  data  is  available  for  correlation  to 
the  laboratory  exposures. 

2.1.4  A  Review  of  Microclimatic  Weathering 

Factors1 3 

A  plastic  sample  is  affected  only  by  its 
"microclimate"--the  conditions  at  its  immediate  surface.  Amo  no 
the  factors  involved  in  plastics  degradation,  the  most  important 
is  the  ultraviolet  (UV)  portion  of  the  sunlight  spectrum  with 
wavelengths  below  400  nanometers  (nm).  This  varies  from  2.8%  of 
the  total  solar  energy  in  January  to  5.0%  in  August  for  Phoenix, 
Arizona  (an  important  test  site).  Radiation  between  290  and  315 
nm  was  three  times  as  intense  in  September  as  in  January.  Total 
solar  radiation,  which  includes  about  53%  infrared,  is  less 
variable.  Samples  exposed  south  at  a  45°  angle,  the  usual  test 
condition,  received  12,000  langleys  in  December,  compared  with 
15,600  in  April  in  Miami;  respective  values  for  Phoenix  are 


15,000  and  lft,000  lanqleys.  There  are  indications  that  the  rat  if) 
of  UV  under  400  nm  to  total  sunlinht  may  he  about  the  same 
throuqhout  the  O.S.  on  any  niven  day.  Atmospheric  haze  can 
reduce  the  UV  below  400  nm  by  a  factor  of  5. 

Rain  can  be  hiuhly  seasonally  dependent. 
Averane  annual  rainfall  also  varies  qreatly  by  location,  ranging 
from  almost  zero  to  well  over  100  inches  per  year-. 

Air  temperature  variations  with  season 
are  well  documented,  but  the  temperature  of  the  exposed 
material  determines  degradation  rates.  Solar  absorp¬ 
tivity  ranges  from  0.2  for  white  surfaces  to  0.9  for 
black,  while  surface  conductance  is  proportional  to  wind 
velocitv.  For  a  black  material,  when  the  air  is  90°  F, 
the  sol-air  temperature  (S.A.T.)  is  120* F  for  a  5  mph 
breeze  and  lfi5°F  with  no  breeze.  Note  that  temperatures 
of  200,F  have  been  measured  for  insulated  roofing 
materials,  while  170°  1'  black  bulb  temperature  are  found 
on  the  Nigerian  desert.  By  the  rule  of  thumb  that 
reaction  rates  double  for  a  10°C  rise,  an  increase  of 
45°F  (from  120 0 F  to  lf>5°F)  would  accelerate  hydrolysis 
and  secondary  photochemical  react  ions  sixfold.  The  role 
of  air  temperature  presumably  accounts  for  the  greater 
effect  of  latitude  on  degradation  than  insolation  values 
would  suggest.  As  an  example  of  seasonal  variation, 
weathering  conditions  in  Tennessee  are  said  to  be  ten 
times  more  severe  in  summer  than  winter. 


3  ti 


Stress  is  a  vital  factor  and  has  been  utilized 
in  accelerating  polyethylene  weathering  for  test  purnoses. 
Molded-in  stresses  have  caused  rapid  failure  of  cellulose 
acetate  butyrate  outdoors.  Thus,  degradation  of  unrestrained 
test  samples  is  liable  to  be  decelerated  relative  to  that 
under  actual  stressed  conditions  if  cracking  and  crazing  are 
the  failure  criteria. 

The  actual  factors  of  weather  are  at  work  during 
outdoor  exposure,  but  conditions  are  nonreproduc i ble  due  to 
uncontrollable  microclimatic  variations.  In  contrast, 
accelerated  tests  provide  reproducible  conditions.  On  the 
average,  Weather-Ometers  were  found  to  duplicate  Florida  weather 
better  than  Florida  weather  duplicates  itself.  Two  methods  are 
used  in  accelerated  weathering  machines:  continuous  exposure  and 
intensified  exposure.  As  an  example  of  the  former,  simulated 
noon  sunshine  is  maintained  in  the  Xenon-arc  Weather-Ometer . 

This  high  light  intensity  persists  for  at  most  a  few  hours  a  day 
in  nature.  As  an  example  of  intensified  exposure,  natural 
sunlight  is  concentrated  eight  times  by  mirrors  in  the  EMMA 
device.  The  appropriateness  of  these  exposures  is  a  disputed 
subject.  It  has  been  suggested  that  continuous  exposure  is  more- 
reliable  than  intensified  exposure  because  the  latter  can  cause 
extraneous  reactions.  The  correlation  of  Xenon-arc  with  outdoor 
data  was  found  to  decrease  when  the  radiant  energy  exceeded  a 
critical  level  characteristic  of  individual  polymers.  Xenon-arc 
emission  bears  the  closest  similarity  to  solar  energy  in  the  UV 
region,  having  the  highest  intensity  of  energy  below  3500A. 
Wavelengths  which  cause  degradation  of  polymers  (oxidation, 
chain  scisson,  crosslinking)  are  in  the  near  ultraviolet, 
3000-4000A.  However,  acceleration  effected  through  increased 
intensity  alone  may  fail  to  give  good  correlation  with  natural 
weathering.  Secondary  processes  promoted  by  temperature,  oxygen 
and  moisture  play  a  major  role  in  polymer  degradation  and  vary 
with  polymer  formulation.  For  this  reason,  acceleration  of 
only  the  primary  process  by  increase  in  intensity  can  distort  tin 
results  even  if  the  spectral  distribution  is  maintained  constant 
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For  some  materials,  the  EMMA  test  has  corresponded  well  with 
outdoor  exposures  in  arid  climates.  With  the  addition  of  water¬ 
spraying  (EMMAOUA) ,  correlations  are  obtained  with  wetter 
climates  such  as  Florida.  A  simplified  Weather-Ometer-like 
device  is  the  QUV  Cyclic  Ultraviolet  Weathering  Tester.  This 
simulates  sunny  days  and  hot/wet  nights. 

Recent  years  have  seen  closer  duplication  of 
sunlight  and  better  temperature  control.  In  addition,  there  is 
more  meaningful  rain/dew  simulation,  exposure  to  aggressive  air 
pollutants  such  as  sulfur  trioxide,  more  sophistication  in 
reporting  both  weather  and  plastic  test  data,  and  the  beginnings 
of  statistical  analysis. 

Key  factors  such  as  UV,  temperature, 
moisture,  stress,  and  thickness  of  section  should  be  studied 
separately  and  in  combinations  to  provide  an  understanding  of 
degradation  mechanisms.  Then  arbitrary  microclimates  may  be 
studied  in  the  laboratory  and  eventually  computer-  s  imul  ated  to 
give  degradation  curves  (or  equations)  .  Fitting  ot  early 
degradation  data  by  a  sensitive  analytical  method  such  as 
infrared  s[*'Ctroscopy  to  these  curves  would  allow  long-term 
predictions,  with  a  degree  of  confidence.  The  key  to  long-term 
prediction  lies  in  a  better  understanding  ot  the  degradation 
mechanisms  rattier  than  in  closer  simulation  of  ever-changing 
we  at  tier  conditions. 

There  are  several  d 1 f f icul ties  in  quoting  and 
using  data  Iron  the  weathering  literature,  which  has  been  called 
"somewhat  confused."  For  instance,  commercial  formulations  have 
changed  over  the  years.  Thus,  amber  polycarbonate  samples  become 
embrittled  in  three  years  in  Alaska  or  Panama  (1964),  whereas 
later  [x>  1  ycarbonato  samples  showed  no  significant  changes  in 
tensile  strength  or  elongation  after  three  years  in  Panama  or  any 
other  sites.  (  1970).  Better  UV  stabilization  ot  the  more  recent 
material  could  explain  this.  other  difficulties  are  the 
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quail  tative/subicctive  nature  o£  much  data  and  incompletely 
defined  formulations  and  test  procedures.  In  addition, 
microclimatic  conditions  are  not  really  known.  It  is  only  m 
recent  years  that  the  reportinq  of  regional  weather  data  has 

become  more  detailed.  For  example,  instead  of  sun-hours,  the 
lanqleys  of  sunlight  (total  energy)  are  now  given.  However,  even 
this  is  inadequate  because  of  the  component  of  importance  ( UV ) 
varies  widely  with  the  season,  amount  of  haze,  etc.  A  great  deal 
of  weathering  data  is  proprietary  and  not  published  at  all. 
Finally,  because  better  UV  stabilization  is  always  a  possibility, 
the  lifetimes  reported  must  be  considered  lower  limits.  Also,  it 
has  been  postulated  that  impurities  in  polymers  absorb  UV  and 
initiate  breakdown .  Purer  commercial  polymers  may  be  developed 
in  the  future  without  these  problems. 

UV-st  ab  i  1  i  zed  polycarbonate  material  (I.exan 
103-112)  showed  no  loss  in  tensile  strength  or  elongation  after 
three  years  in  hot/dry  or  hot  'wet  Australian  sites.  This  result 
contrasts  strikincily  with  a  drop  of  R0-R3?.  in  six  months  for  the 
unstabilized  polymer.  Exposures  in  New  Jersey,  New  Mexico,  and 
Panama  gave  the  same  result.  This  material  (I.exan  103-1  12)  aftei 
five  years  in  Florida  showed  no  loss  in  tensile  yield  strength, 
41%  loss  in  elongation,  34%  increase  in  notched  I  zed  impact 
strength,  62%  loss  of  gloss,  6%  loss  in  1 ight  transmission,  and  a 
haze  increase  from  3.6  to  2r>.n%.  This  loss  in  olonnation  was  not 
considered  serious  since  both  I zod  a nd  fal ling  hu! 1  impact 
strength  increased.  Yellow inn  was  si inht ;  the  yellowness  index 
increased  from  5.0  to  °.7.  Another  UV-st. abil i zed  pol yea t bona t e , 
Merlon  M-50,  gave  similar  results.  After  three  years  in  Arizona, 
the  elongation  fell  31%,  the  notched  I zod  impact  strennth  fel ] 

2%,  g loss  fell  70%,  light  transmission  fell  6%,  and  haze  (a 
surface  effect)  increased  from  0.5  to  10%. 


2.2 


CANDIDATE  TEST  PARAMETERS  AND  EXISTING  STANDARDS 


Initially,  sixty-one  test  categories  were  compiled  as 
being  relevant  to  the  mechanical/physical,  optical,  electrical, 
and  environmental  characterization  of  the  transparency  materials 
systems  under  study.  These  test  categories  were  formulated  into 
a  questionnaire  (reference  Appendix  A)  and  circulated  to  recoqnized 
authorities  and  users  for  input  to  the  program.  Confidential 
responses  were  received  from  representatives  ( ASTM  F7.08  members) 
of  Goodyear  Aerospace,  PPG  Industries,  S ierracin/Svlmar ,  Swedlow, 
and  Texstar,  enabling  the  candidate  test/exposure  categories  to 
be  narrowed  down  to  thirty  as  listed  in  Table  8.  However, 
categories  are  included  which  received  such  comments  as:  test 
not  valid--needs  humidity  and  DV;  tor  OC  only;  for  specific 
designs;  takes  too  long  to  qet  results;  don't  know  what  results 
mean;  for  source  comparison  only;  anil  published  values  OK  to  use. 
After  a  final  screening  by  the  authors,  the  thirteen  test  and 
four  exposure  simulation  conditions  recommended  and  defined  in 
Part  II  are  those  which  we  consider  influential  in  evaluating  the 
durability  of  high  performance  I'SAF  transparencies,  namely: 
surface/chemical  craze,  haze/transmi t fence ,  interlaminar  bond 
integrity  (delamination),  coating  adhesion,  coating  embrittlemer.t , 
impact,  thermal  shock,  inflight  abrasion  resistance,  flightline 
abrasion  resistance,  edge  member  attachment,  subscale  impact, 
full-scale  pressure/temperature/durability,  full-scale  birdstrike, 
accelerated  weathering,  accelerated  weathering  plus  salt  blast 
abrasion,  accelerated  weathering  plus  stress,  and  the  Buildinq  65 
(W-PAFB)  envi ronmental  test  facility. 

Although  strength /modulus  test  methods  are  not  included 
for  the  basic  in-plane  material  properties  of  tension,  compression, 
or  shear,  it  should  be  noted  that  only  a  limited  design  allowable 
data  base  exists  when  considering  the  effects  of  temperature, 
strain  rate,  environmental  conditioning,  etc.,  on  such  parameters 
for  either  the  structural  plies  or  interlaminar  materials. 


TABLE  8 

TEST  PARAMETERS  FOR  EVALUATING  THE  DURABILITY  OF  AIRCRAFT  TRANSPARENCIES 


Transparency  Material  Configuration: 

A.  Monolithic  Stretched  Acrylic 
:  .  'oited  Monolithic  Polycarbonate 

Acrylic  l'ared/Polycarbonate  Laminat 


TABLE  8  (continued) 


ran;>j>aren'-y  Material  fun  lfjurat im 


It  is  also  noted  that  recording  a  stress-strain  curve 
and  measuring  change  in  percent  elongation  (ductility)  at  h ; gh 
strain  rates  would  be  an  indicator  of  degradation  resulting  iron 
accelerated  weathering  (embrittlement;  impact  resistance). 
Therefore,  testing  of  tensile  coupons  at  high  rate  and  measuring 
percent  elongation  is  an  alternative  for  consideration  to  falling 
weight  impact  and/or  high  rate  MTS  beam  tests.  Guidelines  for 
specimen  configuration  can  be  obtained  from  ASTM  Standard  D1822, 
modified  for  length  and  thickness;  guidelines  for  the  related 
testing  procedure  being  obtained  from  ASTM  Standards  D638  and 
D2289. 
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SECTION  3 


EX  1ST  INC.  D  E :  ’  T  C I E  N  C  I F.  S  /  C  0  R  EEC  T I VE  ACTION 

No  laborntorv  test  method,  combined  with  simulated 
environmental  conditioning,  used  to  date  provides  a  valid 
correlation  with  in-service  operational  experience.  This  results 
from  the  fact  that  none  o r  the  available  test  techniques 
realistical lv  and/or  cumulatively  simulate  (duplicate)  the 
forming,  installation,  storage,  transnort,  in-flight,  flight¬ 
line,  maintenance,  and  environmental  aging  conditions  witnessed 
by  today's  real  world  transparencies. 

The  degr.ui.it  ion  of  the  opt i ca  1  properties  of  trans¬ 
parencies  is  the  single  greatest  cause  for  removal  and 
replacement.  Pilot  comnlaints  of  problems  and  subsequent 
confirmation  by  a  flight  safety  officer  is  the  usual  path  leading 
to  a  maintenance  action.  rive  optical  dualities  for  which  limits 
ire  spec i f  Led  for  most  transparencies  are  angular  deviation, 
optical  distortion,  luminous  transmittance,  haze,  and  ontical 
defects.  Birefringence  limits  a. id  color  are  al-'O  specified  for 
some  transparencies.  No  specific  tests  or  criteria  are  currently 
in  any  of  the  specifications  for  multiple  images  or  internal 
reflections.  Some  optical  qualities  are  inherent  in  the  qeometry , 
manufacturing  process,  and  materials,  and  remain  relatively 
unchanged  after  manufacture,  while  others  are  subject  to  gradual 
change  during  exposure  to  the  service  environment.  The  desire 
of  the  user  is  to  obtain  a  component  of  excellent  initial 
quality  which  is  casilv  maintained  and  does  not  degrade  with  use. 
Resultant  in-service  usage  problems  originate  from  scratching, 
haze  buildup,  delamination,  and  craze  development. 
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Catul  idat.e  outer  pi  y  plastic  materials  lor  aircraft 
transparency  applications  remain  susceptible  to  a  surface 
condition  known  as  crazinq.  These  crazes  can  q row  into  larqe 
fissures,  doqrade  optics,  reduce  strenqth,  and  eventually  lead  to 
structural  failure.  Durinq  transparency  development,  face  ply 
materials  must  lie  tested  tor  craze  resistance  Lo  chemicals 
anticipated  to  be  present  in  the  operational  environment  of  the 
aircraft.  It  is  recommended  that  the  currently  accepted  test 
method  be  modi  lied  to  include  consideration  of  hiqtior  stress 
levels,  lonuer  exposure  tine,  and  more  solvents.  Stress, 
moisture,  and  temperature  all  have  an  influence  on  the  era/ inn  o* 
plastic  transparency  materials.  The  contributinq  effects  of 
each,  and  combinations  thereof  ,  must  be  defined  and  simulated 
durinq  subscale  laboratory  testinq  in  order  to  sunstant  lat.r  1  ui  . 
scale  in-service  behavior. 

Delam ination  remains  one  of  the  primary  failure  noses 
for  laminated  transparencies  and  occurs  when  the  adhesive 
strenqth  of  the  interlayer-  to-substrate  bond  is  exceeded. 

Althouqh  structural  deqradation  is  of  primary  concern, 
delaminated  area;;  also  doqrade  the  optical  quality  up  to  the 
point  of  requinnq  transparency  replacement.  Candidate  test 
methods  that  are  qood  indicators  of  interlayer  adhesion  strenqth 
and  can  be  employee)  durinq  the  development  cycle  to  minimize  the 
potential  for  in-service  delamination  include  f  latwise  tension  , 
slow  rate  torsional  shear,  lap  shear,  compression  shear,  and 
peel.  Test  specimen  con f iqur a t ions  and  test  methods  remain  ?  '  :  « 
standardized,  althouqh  quid  el  ines  for  similar  tests  ex  1  st  will. in 
A STM  and/or  FTO  documents.  The  correlation  between  coupon  tent 
and  full  scale  performance  remains  to  be  substantiated ,  ns  qoes 
the  effect  of  laboratory  accelerated  conditioninq  compared  to 
" real-world"  environmental  exposure. 
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The  in  teq  ration  oi  accelerated  flight  line 
environmental  exposure  with  actual  fliqht  cycle 
pressure- temperature  simulation  at  the  Buildinq  65  WPAFR  Test 
Facility  has  demonstrated  the  practicality  of  more  realistic 
developmental  and  qualification  testinq.  The  results  of  the 
current  F-l(>  laminated  canopy  tests  in  that  facility  have  also 
demonstrated  the  importance  of  the  test  level  and  the  {xitential 
pass/fail  sensitivity  of  current  transparency  materials  to  these 
test  levels. 

Many  qualification  tests  of  developmental  USAF  aircraft 
transparency  desiqns  have  been,  and  continue  to  be,  conducted 
using  new  unexposed  material.  Sufficient  data  has  now  been 
qenerated  to  make  it  evident  that  environmental  conditioninq  must 
be  experienced  by  these  test  specimens  prior  to  test.  Such 
exposure,  coupled  with  a  realistic  residual  stress,  and  followed 
by  a  scannmq  electron  microscopy  examination,  would  qreatly 
advance  the  state  of  the  art  for  predictinq  the  durability  of 
transparency  confiqurations. 

Bata  to  substantiate  OBV  as  a  valid  accelerated 
simulation  ol  combined  noisture/UV  look  promisinq.  Techniques  to 
superimpose  representative  stress  levels  on  coupons  during 
exposure  appear  simple  and  meaninqLul.  Post  test  evaluation 
using  SFM  has  shown  it  to  be  an  invaluable  tool,  as  evidenced  by 
the  following  excerpt  taken  from  the  Reference  8  report. 

"Visual  observations  of  coating  damage  and  coating 
removal  are  an  effective  means  of  making  relative 
comparisons  between  materials.  However,  visual 
observations  are  limited  in  their  ability  to 
determine  erosion  mechanisms  in  coated  transparent 
material s .  " 


"Scanning  electron  microscopy  techniques  are  most 
effective  in  assessinq  the  role  o£  mechanistic 
processes  in  rain  erosion  phenomena.  These 
techniques  can  detect  incubation  and  initiation 
stages,  erosion  characteristics,  i.e.,  pitting, 
cratering,  and  microcracking,  and  adhesion 
characteristics  of  coated  materials." 
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SECTION  4 


TEST  METHODOLOGY  AND  EVALUATION 
CRITERIA  DEVELOPMENT 

Figure  7  presents,  in  outline  form,  a  proposed 
development  of  test  methodology  for  evaluating  the  durability  of 
high  performance  USA  I'  transparency  systems  that  is  both  realistic 
and  cost  effective.  Tests  require^  to  evaluate  the  three 
material  configurations  under  study,  i.e.,  monolithic  stretched 
acrylic,  coated  monolithic  polycarbonate,  and  acrylic 
faced/polycarbonate  laminate,  are  delineated.  All  durability 
testing  would  be  accomplished  during  the  preproduction  phase  of 
transparency  development,  emphasis  being  placed  on  early  coupon 
articles.  Real  world  exposure  conditions  will  be  defined  along 
with  corresponding  laboratory  simulation  techniques  so  that  all 
levels  of  testing  will  provide  a  significant  improvement  in  test 
data  correlation  with  in-service  usage.  Test/exnosure  methods 
will  be  developed  to  thoroucrhly  evaluate  the  failure  mechanisms 
of  delamination,  coating  loss,  impact  resistance,  abrasion,  and 
crazing.  Section  2  presents  a  compilation/analysis  of  the  base 
of  knowledge  used  to  select  the  test  methodol oqv  outlined  in 
Figure  7 . 

Based  on  this  outline,  guidelines  for  conducting  all 
tests  for  the  durability  evaluation,  with  the  appropriate  specimen 
conditioning,  simulation  procedure,  and  conformance  requirements 
have  been  compiled  and  are  documented  in  the  Part  II  renort.  The 
rationale  used  to  establish  the  numerical  values  stated  in  the 
recommended  acceptance  criteria  is  based  on  an  assessment  of 

(a)  existinq  military  specifications  for  the  appropriate  material; 

(b)  the  F-16  transparencies  critical  item  development  specifica¬ 
tion;  (c)  the  Reference  1  report ;  (d)  the  Section  2  information 

analysis  of  this  report ;  ind  supplemented  ov  (o)  the  judgement 
of  the  authors. 
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igurc  7.  Outline  of  Test.  Methodology  Devol  opnont  for  Durabi  1  i  tv  Evaluation  of 
High  Performance  -‘SAE  Transparency  Systems . 


SECTION  5 


CONCLUSIONS/RECOMMENDATIONS 

The  developed  test  methodology  for  evaluating  the 
durability  of  high  performance  USAF  transparency  systems,  as 
presented  in  Part  II,  represents  a  realistic  and  cost-ef fective 
approach.  In  our  opinion,  it  represents  a  significant 
imnrovement  over  present  practice  for  ensuring  better  in-service 
performance  of  plastic  transparencies.  It  is  not  intended  to  be 
overwhelmingly  all-inclusive  and  therefore  prohibitive  in  cost, 
or  impossible  to  accomplish  during  the  preproduction  phase  of 
transparency  development.  Rather,  it  is  designed  to  provide 
the  maximum  amount  of  reliable  data,  in  a  timelv  manner,  using 
a  minimum  amount  of  testing. 

Some  aspects  of  the  resultant  methodology  remain  to  be 
validated,  such  as  simulated  in-service  exposure  correlation  and 
acceptance  criteria.  Laminated  F-16  transparency  material  is 
currently  being  experimentally  evaluated  for  chemical  craze, 
haze /transmi ttance ,  and  flatwise  tension,  under  AFWAL/FIEA 
Contract  No.  F3 3615- 80-C- 34 01 ,  after  being  subjected  to  the 
following  environmental  conditions:  Australia  45°  South  Natural; 
Dayton  45°  South  Natural;  Florida  45°  South  Natural;  DSET 
(Phoenix)  45°  South  Natural;  Building  65  (W-PAFB)  accelerated 
exposure;  EMMAOl'A  accelerated  exposure;  QIJV  accelerated  exposure; 
Sunlighter  IV  accelerated  exposure;  and  baseline  (unexposed). 
Along  these  lines,  we  recognize  that  a  test  criteria  that  is  too 
severe  could  be  as  undesirable  as  one  that  is  not  severe  enough, 
since  it  might  unrealistically  rule  out  potentially  viable  design 
configurations,  and  thus  drive  un  development  costs,  weight,  and 
life  cycle  cost. 

First  priority  in  durability  test  methodology 
substantiation  should  be  the  delamination,  outer  nlv  craze,  and 
thermal  shock  of  acrylic  facod/po 1 ycarbonate  laminates,  followed 
by  the  other  exposure/test  parameters  specified  for  this 
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material  configuration.  This  validation  would  be  accomplished  by 
conducting  the  tests  and  exposures  defined  under  Part  II, 

Paragraph  2.3.  Next  priority  would  encompass  the  coating  adhesion 
and  embrittlement  of  polycarbonate.  This  validation  would  be 
accomplished  by  conducting  the  tests  and  exposures  defined  under 
Part  II,  Paragraphs  2.2.3  and  2.2.4.  If  sufficient  data  is 
generated  during  these  investigations,  enough  common  data  should 
be  available  to  provide  verification  of  the  remaining  exposure/test 
parameters  for  all  three  material  systems  under  study. 
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appkndix  a 


Page  1  of  3 


Test 

Category 


MONOLITHIC  STRETCHED  ACRYLIC 
FOR:  COATED  MONOLITHIC  POLYCARBONATE 
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Test 

Category 
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